Summary. The variation in the length of the follicular phase in many mammals may be related to the cellular origin of oestradiol secreted during the luteal phase. In all species the time taken for a small developing follicle (4-5 layers of granulosa cells) to mature to a preovulatory follicle may be the same as that which has been found experimentally in the mouse (10-17 days (Mauleon, 1969) . It is difficult, however, to determine the dynamics of this process from static 611
Summary. The variation in the length of the follicular phase in many mammals may be related to the cellular origin of oestradiol secreted during the luteal phase. In all species the time taken for a small developing follicle (4-5 layers of granulosa cells) to mature to a preovulatory follicle may be the same as that which has been found experimentally in the mouse (10-17 days) . In animals such as the sheep, in which there is no source of oestradiol other than the Graafian follicle, follicular development proceeds unimpaired throughout the luteal phase, and the 'follicular phase' which involves only the final stages of maturation of the Graafian follicle is relatively short. In primates, however, in which there is an extrafollicular source of oestrogen from the CL, the secretion of gonadotrophins is suppressed during each luteal phase to a level too low to initiate and maintain follicular development. At the end of each luteal phase and the beginning of the subsequent follicular phase, therefore, it is necessary to initiate the growth of a new crop ofsmall follicles. The time taken for these follicles to develop into preovulatory follicles determines the length of the follicular phase.
A striking difference between the ovarian cycle in many primates and that in other species of mammals is the length of the follicular phase. Old World primates have a follicular phase of about 14 days, which is approximately the time taken for that part of follicular development which is gonadotrophin dependent. The follicular phase in the cow, sheep, pig, goat and horse is much shorter than in primates and ranges from 3 days in the sheep to 7 days in the pig (Cole & Cupps, 1969 (Mauleon, 1969) . It is difficult, however, to determine the dynamics of this process from static 611 estimates of the numbers of follicles at each stage (Block, 1951; Koering, 1969; Brand & de Jong, 1973) . By labelling the growing follicles with tritiated thymidine it has been shown in the mouse that the early developing follicle takes 10-17 days to mature to the preovulatory stage (Pedersen, 1970) .
In this paper we will attempt to relate the differences in the length of the follicular phase of the sheep and the human to differences in the secretory activity of the CL.
FOLLICULAR GROWTH
In most mammals, follicular growth occurs as a continuous process throughout prepubertal and adult fife (Pedersen, 1972) . In the ewe (Brand & de Jong, 1973) and cow (Rajakoski, 1960) , healthy follicles of up to 5 mm diameter are found in the ovaries throughout the luteal phase of the cycle. These follicles secrete oestradiol in vivo (Scaramuzzi et al, 1970) , although the maj'ority eventually become atretic (Smeaton & Robertson, 1971) . If the CL is surgically enucleated at any time during the luteal phase, at least one follicle proceeds to grow and a fresh ovulation occurs within 3 days (Mallampati & Casida, 1970 (Robinson, 1959 (Baird & Fraser, 1974) . The rise in the secretion of oestradiol inhibits that of FSH by negative feedback and the concentration of peripheral plasma FSH falls progressively (Midgley & Jaffe, 1968) . The growth of the Graafian follicle is maintained, however, by: (a) the high concentration of oestradiol within the follicle which probably sensitizes the cells to both FSH and LH (Goldenberg et al, 1972) ; and (b) the concentration of FSH in those follicles in which the concentration of oestradiol exceeds 1 µg/ml remains rela¬ tively high (McNatty et al, 1975) . Thus the follicle which is secreting oestradiol stimulates its own growth while at the same time (by its effect on the hypothalamic-hypophysial axis) inhibiting further growth of other developing follicles, which consequently become atretic.
During the luteal phase of the cycle in women there is a marked change in follicular activity (Block, 1951) . Early in the luteal phase there is a relative increase in the number of developing antral follicles, possibly in response to the mid-cycle peak of LH and FSH. However, in the mid-and late luteal phase this 'wave' of growth is arrested and virtually all follicles with a diameter > 5 mm undergo degeneration. The concentration of oestradiol in follicular fluid and ovarian venous blood remains low (Baird & Fraser, 1975) , indicating that follicles in the luteal phase do not secrete appreciable amounts of oestrogen. It may be that this low level of follicular activity is due to the lack of gonado¬ trophic stimulation since the concentrations of FSH and LH in plasma are lower during the mid-to late luteal phase than at any other time during the menstrual cycle (Midgley & Jaffe, 1968) . Similar changes in follicular activity (Koering, 1969) and secretion of gonadotrophins (Niswender & Spies, 1973) occur in the luteal phase of the rhesus monkey.
If these differences in follicular activity during the luteal phase of the cycle in sheep and women are related to different levels of gonadotrophin, it is likely that the secretion of ovarian steroids will also be different in the two species.
SOURCE OF STEROIDS DURING THE LUTEAL PHASE OF THE CYCLE
The human CL is almost unique amongst mammals in synthesizing and secreting androgens and oestrogens as well as progestagens (Savard et al, 1965; Mikhail, 1970) . The secretion of oestradiol by the CL is responsible for the rise during the second halfof the menstrual cycle in the production rate of oestrogen, which reaches a peak about 8 days after ovulation when the mature CL is secreting large amounts of progesterone (Baird & Fraser, 1974; Brown, 1971) .
The luteal cells responsible for the synthesis of these steroids are difficult to identify. Isolated thecal and granulosa cells of the Graafian follicle, which both contribute significantly to the CL in women (Corner, 1956) (Hertig, 1967) , i.e. the cytoplasm enlarges and becomes granular in appearance (PI. 1, Fig. 2 ) and there is an increase in the extent of smooth endoplasmic reticulum (Crisp et al, 1970; Delforge et al, 1972) . At this time and coincidental with the LH peak, the concentration of progesterone rises in peripheral plasma (Johansson & Wide, 1969; Yussman & Taymor, 1970) , in ovarian venous plasma (De Jong et al, 1974) and particularly in follicular fluid (Sanyal et al, 1974; McNatty et al, 1975) . The presence of 3/?-ol steroid dehydrogenase can be demonstrated histochemically in the granulosa cells of preovulatory follicles (Friedrich et al, 1974) . Taken together these data strongly suggest that, before ovulation, oestradiol and progesterone originate from the thecal and granulosa cells respectively, and it is possible that thecal lutein cells contribute to the production of oestradiol by the mature CL.
Although the evidence that the CL of other Old World primates secrete oestrogen is less conclusive, the concentration of oestrogens in plasma or their excretion in urine rises to a second peak in the luteal phase in the rhesus monkey (Knobil, 1974) , baboon (Stevens et al, 1970) , chimpanzee (Graham et al, 1972) and orang utan (Collins et al, 1973) .
In contrast, the CL of the sheep does not have the capacity to synthesize oestrogen when incubated in vitro (Kaltenbach et al, 1967) and in vivo only progesterone and 20ot-dihydroprogesterone are secreted (Short, 1964; Baird et al, 1973) . Although the secretion of oestradiol (and androstenedione) con¬ tinues throughout the luteal phase both steroids originate from the Graafian follicles . No (Hansel et al, 1973) . The cow CL has a similar structure and is unable to synthesize oestrogens (Savard et al, 1965) .
In summary, although oestradiol and progesterone are secreted throughout the luteal phase in both sheep and women, the source of the oestrogen is differ¬ ent. In sheep oestradiol originates exclusively from the Graafian follicles and the CL secretes only progesterone; in women the follicles contribute little to the total ovarian secretion of oestradiol, over 90% of which originates from the CL.
FEEDBACK OF OVARIAN STEROIDS
Oestradiol and progesterone have established roles in the control of gonado¬ trophin secretion (Knobil, 1974) . The effect of oestrogen on gonadotrophin secretion is critically dependent on dose. Thus the basal secretion of FSH is particularly sensitive to the negative feedback action of oestradiol and is sup¬ pressed by doses which have no effect on (or actually stimulate) the release of LH (Tsai & Yen, 1971; Cargille et al, 1973 ). This effect of dose is presumably responsible for the rise in the concentration of LH in the mid-follicular phase of the cycle which occurs at a time when the secretion of oestrogen is increasing and the concentration of FSH is falling (Midgley & Jaffe, 1968 Fig. 1 . Graafian follicle, 12 mm in diameter, removed from a woman on Day 11. Mean cycle length = 28 days. Endometrium: mid-to late proliferative. Hormone concen¬ trations in follicular fluid: OE2 = 320 ng/ml, P" = 36 ng/ml, FSH = 3-8 mU/ml, LH = <0-8 mU/ml; and in peripheral plasma OE2 = 0-154 ng/ml, FSH = 5-1 mU/ml, LH = 140 mU/ml. The antrum is at the bottom right. The cytoplasm of the thecal cells (T) is abundant and more lightly stained than that of the granulosa cells (G), 230. Fig. 2 . Graafian follicle, 18 mm in diameter, removed from a woman on Day 15. Mean cycle length = 28 days. Endometrium : late proliferative. Hormone concentrations in fol¬ licular fluid: OE2 = 3500 ng/ml, P«. » 2460 ng/ml, FSH = 61 mU/ml, LH = 5-6 mU/ ml; in peripheral plasma: OE2 = 0-126 ng/ml, P4 = 0-2 ng/ml, FSH = 10-5 mU/ml, LH = 35-2 mU/ml. The antrum is at the bottom right. The thecal cells (T) resemble those in Fig. 1 , but the basal granulosa cells (G) are elongated, 230.'' oestrogen during the early follicular phase suppresses the secretion of FSH and LH (Vaitukaitis et al, 1971; Tsai & Yen, 1971) (Franchimont, 1971) , rhesus monkeys (Knobil, 1974) , or ewes (Pelletier & Signoret, 1970; Scaramuzzi et al, 1971) . Low doses seem to facilitate the action of oestradiol on positive and negative feedback (see Rothchild, 1965 for review). Larger amounts, such as those secreted by the CL, inhibit the positive feedback of oestradiol but enhance its negative feedback (Knobil, 1974) .
During the luteal phase
The inhibitory influence of progesterone on the positive feedback of oestradiol is important in preventing peaks of LH discharge (and possible ovulation) occurring in the luteal phase in sheep and women (Text- fig. 1 ). In women the secretion of oestradiol plus progesterone from the CL suppresses the release of gonadotrophins, and thus the CL has direct control over the amount of gonado¬ trophins reaching it and effectively removes the control of gonadotrophin from the follicles. The number of follicles developing normally is minimal during the mid-luteal phase when FSH and LH are at their lowest. It is not until the CL regresses that the concentration of gonadotrophins is sufficiently high to initiate the development of a new 'wave' of Graafian follicles which require a full 14 days to proceed to preovulatory maturity.
In contrast, because the sheep CL does not secrete oestradiol, oestradiol secretion at any stage of the cycle is an index of follicular activity, i.e. oestradiol has direct access to the hypothalamic-pituitary feedback system, the negative loop of which continues to operate via the follicle throughout the luteal phase. Fig. 2 ). 180. Fig. 4 . A recently ruptured Graafian follicle from the left ovary of the same subject as in Fig. 3 . The concentration of OE2 in ovarian venous plasma = 0-69 ng/ml. The histological appearances of granulosa (G) and thecal (T) cells are similar to those in Fig. 3 . 180. little if any effect on negative feedback, the CL has no direct control of pituitary gonadotrophins through its own secretions. The lack of fine control of negative feedback by the CL is reflected by its relative insensitivity to acute changes in LH concentration (Short, 1964; Collett et al, 1973) (Robinson, 1959) .
In sheep, the administration of exogenous oestradiol, but not progesterone, for 20 days from Day 4 of the cycle prolongs the life-span of the CL and inhibits follicular development (Piper & Foote, 1968 
